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INTRODUCTION 


Optimal  management  of  patients  with  locally  advanced  breast  cancer  (LABC)  remains  a  complex 
therapeutic  problem.  The  optimal  intensity  and  duration  of  the  neoadjuvant  chemotherapy 
regiment  for  LABC  still  remains  controversial  due  to  the  difficulty  of  evaluating  response  to  the 
treatment.  The  goal  of  this  project  is  to  use  Photon  Migration  Spectroscopy  (PMS)  as  a  new 
modality  to  monitor  the  response  of  breast  tumor  to  neoadjuvant  chemotherapy.  Photon 
Migration  Spectroscopy  has  shown  excellent  sensitivity  to  the  crucial  early  functional  changes  in 
breast  tissue  subjected  to  neoadjuvant  chemotherapy.  We  have  measured  over  18  patients  and 
have  seen  optical  changes  in  responders  and  lack  of  optical  changes  in  non-responders.  We  are 
still  in  the  process  of  enrolling  more  patients  and  refining  the  stability  and  reproducibility  of  the 
data  collected  thus  far.  In  addition,  we  have  defined  an  “Optical  Index”  which  incorporates  all 
the  optical  parameters  into  a  single  easy  to  understand  value  which  better  describes  the  response 
of  the  tumor  to  the  neoadjuvant  chemotherapy. 


BODY 


Statement  of  Work  Accomplishments 


SPECIFIC  AIM  1:  DEVELOP  TRIAL  PROTOCOL 


1/2.  Develop  subject  tracking  system  / Design  Database 

These  tasks  have  been  completed,  (last  report  2003) 


SPECIFIC  AIMS  2  :  TRAINING 

1 .  Audit  Bioengineering , Physics  and  Photomedicine  courses  on  campus  to  enhance 
fundamental  knowledge  of  Photon  Migration  Spectroscopy 

This  task  has  been  completed.  I  am  still  continuing  to  attend  the  Beckman  Laser  Institute 
lecture  series  to  keep  current  with  the  new  developments  in  the  field  of  optics. 

2.  Rotation  in  Pathology  department  to  learn  slide  preparation  and  immunohistochemical 
staining 

This  task  has  been  completed.  ( last  report  2003  ) 
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3.  Enrollment  in  Ultrasound  training  course 


This  task  has  been  completed.  As  described  in  the  last  report  we  were  fortunate  and  have  been 
able  to  obtain  a  brand  new  TITAN  portable  ultrasound.  I  have  completed  a  formal  course  on  the 
use  of  the  ultrasound.  I  am  obtaining  both  a  portable  ultrasound  reading  and  a  formal  Radiology 
department  ultrasound  on  the  patients  whenever  possible. 


SPECIFIC  AIMS  3:  ENROLLMENT  OF  SUBJECTS 

1 .  Start  enrollment  of  subjects 

This  task  continues.  Thus  far  we  have  enrolled  18  subjects.  Only  3  subjects  (16%)  have 
withdrawn  form  the  study  for  various  reasons.  See  Appendix  A 

2.  Scheduling  of  subsequent  measurement  dates 

This  task  continues.  By  analyzing  the  preliminary  data,  it  was  determined  that  the  biologically 
more  significant  time  for  measurement  is  in  the  early  part  of  the  chemotherapy  cycle  ( ie  2-3 
weeks  )  .  This  is  demonstrated  in  all  patients  who  responded  to  chemotherapy.  As  a  result,  we 
have  been  concentrating  on  obtaining  more  readings  in  the  initial  2-3  weeks  of  the  chemotherapy 
regiment. 


SPECIFIC  AIMS  4  :  TUMOR  MEASUREMENTS 

1 .  Obtain  Pre  -  Post  Chemotherapy  Photon  Migration  Spectroscopy  measurements 

This  task  continues.  See  Appendix  B  for  preliminary  raw  Optic  data  and  data  plots 

Appendix  C  for  calculation  of  the  OPTIC  INDEX 

2.  Obtain  Pre  -  Post  Chemotherapy  Ultrasound  measurements 

This  task  has  started  and  continues. 


SPECIFIC  AIMS  5  :  CORRELATION  OF  PMS  MEASUREMENTS  WITH 
ULTRASOUND  AND  HISTOLOGY  DATA 

1 .  Correlation  of  Ultrasound  data  and  PMS  data 

This  task  is  starting. 

2.  Analysis  of  histology  data  with  immunohistological  staining  of post  surgical  specimens 

This  task  is  pending. 
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SPECIFIC  AIMS  6  :  FINAL  ANALYSIS  AND  REPORT 


1.  Analysis  of  all  data 

This  task  Is  pending. 

2.  Preparation  of  manuscript 

This  task  is  pending. 


KEY  RESEARCH  /  CAREER  ACCOMPLISHMENTS 

1 .  Development  of  database  for  data  management 

2.  Development  of  trial  protocol 

3.  Obtaining  IRB  approval  of  protocol 

4.  Audit  of  Photomedicine  /  Optic  courses 

5.  Rotation  in  Pathology  lab 

6.  Enrollment  in  Ultrasound  training  course 

7.  Enrollment  of  subjects 

8.  Preliminary  Photon  Migration  Data  on  Neoadjuvant  Chemotherapy  subjects 


REPORTABLE  OUTCOMES 

Due  to  this  Career  Development  Award  I  was  able  to  generate  several  additional  projects  and 
obtain  funding: 

1.  Grants 

A)  ANGIOGENSIS  IN  HYPERPLASIA  TO  IN-SITU  BREAST  CANCER 

9WB-0020  Su  (Hsiang  co-PI)  7/1/2003  to  6/30/2005 

California  BCRP  $250,000  Total 


B  )  NITRO  grant:  “A  Network  for  Translational  Research  in  Optical  Imaging:  Multi-Dimensional 
Diffuse  Optical  Imaging  in  Breast  Cancer 

CA-03-002  Tromberg  ( Hsiang  co-PI)  9/1/2003  to  8/31/2008 
National  Institute  of  Health  $7.1  million  Total 
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2.  Presentations 


2003  Jakubowski  D.B.,Cerussi  A.E.,Bevilacqua  F.,Shah  N.,Tromberg  B.J., Hsiang  D., Butler  J., 
and  Holcombe  R.F.,  “Monitoring  breast  tumor  response  to  chemotherapy  with  broadband 
near-infrared  tissue  spectroscopy.”  Spring  Topical  Meeting,  Optical  Society  of  America, 
Biomedical  Optical  Spectroscopy  and  Diagnostics,  Miami,  FL,  Presentation  TuB5 

2002  Hsiang  D.,Cerrussi  A., Jakubowski  D.,Baick  C.,Tromberg  B.,  and  Butler  J.  “Monitoring 
the  response  of  breast  cancer  tumors  to  chemotherapy  with  photon  migration 
spectroscopy”  American  College  of  Surgeon,  Southern  California  Chapter,  Santa 
Barbara,  CA  Presentation 


3.  Papers 

2004  Jakubowsk  D.B.,  Cerussi  A.E..,  Bevilacqua  F.,  Shah  N.,  Hsiang  D.,  Butler  J.,  and 
Tromberg  B.J.,  “Monitoring  neoadiuvant  chemotherapy  in  breast  cancer  using 
quantitative  diffuse  optical  spectroscopy:  a  case  study”.  Journal  of  Biomedical  Optics, 
9(1),  230-238  (2004). 


4.  Collaborations 


A)  Update  -  I  am  currently  collaborating  with  the  Epidemiology  Division  at  UCI  in  submitting 
a  Project  Program  Grant  (  PPG  )  for  Evaluating  High  Risk  Breast  Cancer  Women.  There  is  a 
total  of  4  projects  in  this  grant.  I  am  the  Principle  Investigator  on  Project  3.  (Breast  Tissue 
Optical  Properties  bv  Laser  Emission  Skin  Scanner  :  Project  3  of  PPG  Etiology  and  Detection  of  Breast 
Cancer  in  a  Family  Cohort  -  Estimate  3-4  Million  for  PMS  section  -  Total  PPG  12  Million).  I  am 
going  to  use  the  Photon  Migration  Spectroscopy  ( PMS)  to  evaluate  the  physiological  changes  in 
400  high  risk  women  over  a  5  year  period.  This  project  would  be  correlated  with  the  other 
projects  looking  at  molecular  markers  and  mammographic  density.  We  had  our  first  site  visit  in 
January  2003.  The  score  for  Project  3  was  1.7  and  2.1  for  the  other  3  sections  ( the  lower  the 
score  the  better  )  .  As  you  can  see  the  PMS  portion  received  the  highest  score.  Unfortunately, 
the  PPG  was  not  funded.  We  have  resubmitted  and  will  have  another  visit  on  June  29  2004. 
Hopefully  the  other  projects  will  be  able  to  get  better  scores.  The  plan  is  that  if  the  PPG  fails 
again,  I  am  going  to  submit  Project  3  as  a  ROl  grant  to  NIH 


B)  Update  -  In  March  2003  I  have  also  started  a  collaborative  project  with  UCSF  by  using  the 
Photon  Migration  Spectroscopy  concurrently  with  MRI  scanning  of  subjects  undergoing 
Neoadjuvant  chemotherapy.  We  are  sharing  information  and  there  has  been  very  exciting  data 
generated  from  this  collaboration.  Thus  far  the  correlation  data  seems  to  match  up. 
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CONCLUSIONS 


In  summary,  I  feel  the  career  development  grant  is  proceeding  very  well.  It  has  provided  me 
with  support  by  which  I  have  been  able  to  obtain  other  grants  and  collaborate  with  other 
investigators.  This  is  shown  by  the  9WB-0020  Angenosis  In  Hyperplasia  To  IN-SITU  Breast  Cancer 
grant  and  the  larger  CA-03-002  NITRO  grant:  “A  Network  for  Translational  Research  in  Optical 
Imaging:  Multi-Dimensional  Diffuse  Optical  Imaging  in  Breast  Cancer”  grant.  This  would  have  been 
impossible  if  I  did  not  receive  this  career  grant.  The  protected  time  has  been  invaluable.  It  has 
allowed  me  the  time  to  concentrate  on  this  project  and  make  sure  everything  is  progressing  as 
planned.  I  am  happy  to  report  that  the  Photomedicine  division  is  now  the  highest  funded  division 
in  the  Department  of  Surgery  and  is  one  of  the  highlighted  research  projects  at  the  Chao  Family 
NCI  Comprehensive  Cancer  Center. 

The  PMS  data  thus  far  have  been  fantastic.  PMS  has  been  able  to  measure  physiological 
changes  during  the  neoadjuvant  treatment.  As  pointed  out  earlier,  it  is  the  early  portion,  for 
example  first  week  that  is  most  important.  This  is  where  we  see  the  largest  change  with  PMS. 
The  ideal  situation  would  be  that  PMS  will  be  able  to  identify  early  physiologic  changes  in  the 
treatment  cycle  and  hence  become  a  predictor  of  identifying  the  responders  from  non-responders. 
This  will  be  come  more  important  because  the  shift  for  chemotherapy  regiments  is  to  move  to 
shorter  time  intervals.  This  is  seen  in  newer  protocols  incorporating  “  Dose  Dense  “  components 
into  their  regiments.  If  this  shorter  interval  cycle  proves  to  be  a  better  method  of  delivering 
chemotherapy  then  there  will  be  a  critical  need  for  an  ultra  fast  measurement  of  chemotherapy 
response.  The  traditional  methods  will  be  too  slow. 

As  with  any  new  modality  we  are  still  constantly  trying  to  verify  our  measurements  .The  project 
with  UCSF  have  been  encouraging  in  that  the  PMS  measurements  have  been  correlating  with  the 
MRI  structural  information. 

Everyday  we  are  finding  new  uses  for  the  PMS  laser.  I  am  starting  collaborations  with  Pediatrics 
( to  non-invasively  measure  the  hemoglobin  in  neonates)  and  Trauma  ( to  monitor  physiological 
parameter  changes  in  critical  patients  )to  find  uses  for  the  PMS  laser. 

I  look  forward  to  next  year’s  final  report  in  Philadelphia. 
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Appendix  A 
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03.07.31  rightOS  13.05324  77.56917  5.337129  4.514591  9.85172  49.62161  -0.671299981  52.95239  0.003161  0.03341  1.182195 

03.07.31  right06  13.49204  74.91441  6.144984  5.164948  11.30993  53.67544  -0.680835578  53.90645  0.003407  0.037949  1.189747 

03.07.31  right07  12.22698  76.80633  7.001132  4.505023  11.50615  58.85594  -0.619374795  34.02153  0.003266  0.031122  1.554072 

03.07.31  abd  12.26923  82.01241  6.395769  3.027954  9.423723  67.58367  -0.707056397  80.9035  0.002887  0.02086  2.112241 


Total  Hemoglobin  (^M)  Hemoglobin  Concentration  (|iM) 


Appendix  B 

Example  of  hemoglobin  change  with  time  course  of  chemotherapy 
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Appendix  C 
Optical  Index 

An  index  was  created  to  simplify  the  interpretation  of  the  multiple  parameters  obtained  on 
the  tumor.  Below  is  an  example. 


As  one  can  see  there  are  several  plotted  data  lines  which  can  be  confusing  any  distracting. 

As  a  result  we  decide  to  create  an  index: 

Total  Hemoglobin  X  Water  (  H2O) 

Total  Optical  Index  =  _ 


Lipid  X  Oxygen  Saturation  ( St02> 


012346678 

Line-Scan  Position 


With  this  index  it  is  easier  to  locate  the  peak  value  for  the  tumor  and  when  plotting  it  is 
simpler  to  use  the  peak  TOI  ( total  optical  index  ) .  Now  whether  this  is  the  final  form  of 
the  index  has  not  been  determined.  The  issue  will  be  discussed  with  a  mathematician  on 
main  campus. 
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